
RESEARCH MEMORANDUM 

c 
MEASUREMENTS OF FLUCTUATING PRESSURES ON A :-SCALE MODEL 

OF THE X-1 AIRPLANE WITH A 10-PERCENT-THICK WING 

IN TJiE W G L E Y  16-FOOT TRANSONIC TUNNEL 

By Louis W. Habel and Seymour Steinberg t 

t 



" 

1N NACA RM L525'31 

ri . . 
NATIONAL ADVISORY CO"mTEE FOR AEROwluTICS 

RESEARCH . M E "  

MEASUREMENTS OF FWCTUATING F%ESSURES ON A 1 - S C D  MODEL 4 
OF TBE X-1 AIRPLANE W I T T I  A 1O-pER(sENI"THICK WING 

IN TRE LANGMY 16-mm TRANSONIC TUNNEL 

By Louis- W. Habel  and Seymour Steinberg. 

SUMMARY 

F'ressure fluctuations have  been  measured near t h e   t r a i l i n g  edge of 
&he wing and near the leading edge of  the tai l  of  a  --scale.mo&l 1 of 

the X-1 airplane  with a 19Lpercent-thick wing i n  the Langley 16-foot 
transonic  tunnel..  The maximum values  of.preasure  f luctuation measured 
at t h e  w i n g  and t a i l  pressure-gage  locations w e r e  &bout 0.6 and 1.6 times 

' stream dynamic pressure,  respectively. These values  represent  increases 
of  more than  tenfol i . . in   the  pressure  f luctuat ions as the  angle of a t tack 

4 

. 
I w a s  increased a t  a constant Mach number. In the  present  investigation, . .  - no value of pressure-fluctuation coefficienf could  be  used as a buf fe t  

c r i t e r ion  which  would result i n  a buffet-boundary curve i n  complete 
agreement with  the  flight-determined  buffet-boundary  curke  of  the 
X - 1  airplane.  - The pa r t i cu la r  vortex-generator.ingtallation uaed  during 
p a r t  of the present  invegtigation had no b e n e f i c i d  e'ffects i n  reducing 
the  emplitude  of the pressure  f luctuations a t  the  pressure  pickup loca- 
t ions on the wing o r   t a i l   s u r f a c e s .  Frequency  &&lyses of the  pressure 
f luctuat ions on the wing .and t a i l  indicate that, when the pressure f luctua- 
t ions  are  large,   they  are random in frequency  with  pulsations  noted at 
a l l  frequenci-.from 10 t o  l000 cycles  per second, the frequency limits 
of the  recording sfstem. . . .  

IPaTRODUCTION 

Buffeting i s  bel ieved  to  be the response of an   a i r c ra f t   s t ruc tu re  
to aerodynamic-flow  disturrbaices. Thus, the problem of obtaining  the 

- buffet ing  character is t ics  of spec i f i c   a i r c ra f t  from  wind-tunnel t e s t s  
- presents many d i f f icu l t ies   s ince  b0t.h the   s t ruc tura l  and  aerodynamic 

characterist icB of the model and the  aircraft  are-'involved.  Conventional 
* 

UNCLASSIFIED 



2 

models f o r  wind-tunnel tests are .usually-designed  for  general aero- 
dynamic studies,  and do not  Incorporate dynamic scaling of the   s t ruc tura l  
charac te r i s t lcs  of the airplane.  An exploratory program has therefore 
been undertaken t o  determine  whether the buffeting  characterist ics  of 
airplanes can be predicted from a study of the aerodynamic flow dis -  
turbances on such models of-airplanes. .As pert of t h i s  program, pressure 

f luctuat lons w e r e .  measured on the w i n g  and t a i l  surfaces  of a - - 8 c d e  

model of the X - 1  a i rp lane .   u i th  a lO.-percent -thick wing. 

1 
4 

The pressure  gages were located  as  far back on the wings a8 possible, 
as it w a s  believed that pressure  disturbaices being shed by the wlng 
would be indicated by gages in   t h i s   l oca t ion .  In  order  to  determine if 
the.  disturbances  shed by the w i n g  were influencing  the  flow at the tail ,  
gages w e r e  ins ta l led  near .me le@- edge of the ta i l  d i r ec t ly  down- 
stream f r o m  the outermost wing gages,. 

. .  L - . -  

Although it was realized  that---tk-  infomiation  obtained f r o m  measure- 
ments made only near the wing t r a i l i n g  edge and the ta i l  leading edge 
m u l d  be limited, it w a s  haped that the  information  obtained would corre- 
late to.some measure with the known buffet ing  character is t ics  of the 
fu l l - s i ze  airplane, and would contr ibute   to  a basLcunderstanding of the 
buffeting phenomena. 

SYMBOLS 

C 

C '  

S 

b 

Y 

FF 

AP 

Q 

man aerodynamic chord of wing, ELb/* c2dy 
. .  

wing area including area enclosed by fuselage (8.116 sq ft-) 

span (wing, 7.0 f t ,  tail, 2.85 f t )  

spawise  distance  outboard of plane of symmetry, ft 

pressure-fluctuation  coefficient, Ap/q 

maximum peak-to-peak  amplitude of the   pressure  var ia t ion  across  
the diaphragm of the e lec t r ica l   p ressure  gage, lb/sq f t  

dynamic pressure, &I?, lb/sq f t  
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b 

c P density,  slugs/cu f t  . .  

v veloci ty ,   f t /sec 

a angle of a t tack of model fuselage  center line, deg 

M Mach number - - 

CL l i f t   c o e f f i c i e n t ,  L / ~ S  > .  

. .  

L l i f t ,  Ib . .  . .  . .  L 

Subscript: 

t tail 

INSTRUMENTATION AND ?TESTS 

Model 8,nd Pressure Gages 

The fluctuating-pressure measqrem-nnts reported  herein were made on 
an aarplane model Fn the Langley 16-foot t r w s o n i c  .tunnel. A detai led 
description of the  tunnel, i t s  operation, and c d i b r a t f o n  are presented 
in  reference 1. . .  - 

The b a i i c  model on which the  f luctuat ing  presjures  were measured is 

a - - scale model of the X - 1  airplane. The model has NACA 65-110. wing 

sections and modified NACA 65-008 ta i l  sections and i s  the same model 
used in   the   inves t iga t ion  of reference- 2. The incidence  angle of the  

wing varies  from 2- .at  the wing root   to  lLo at the wing t i p .  The inc i -  

dence angle of, the tail  w a s  Oo f o r  &I1 tests made -during the present 
investigation. In a d d i t i o n   t o   t e s t s  of  the  basic  @del,  some t e s t s  w e r e  
made with  the  horizontal  t a i l  of the modelremoved;  General  dimensions 
of the model me presented in f igure I, and photographs of the model 
m u t e d  in  the tunnel test section are presented  in  figure 2. 

1 
4 
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P a r t  of t h e   t e s t  program fo r   t he  basic-model ionfiguration was 
repeated  with vortex generators  installed- on the wings.  The vortex 
generators-  consisted of 0.125-inch  by  0.125-inch f lat  plates  approxi- 
mately 0.015 inch  thick  with  ramded  leading and t ra i l ing  edges.  The 
p la tes  were centered o n  the  27.5-percent-chord  station, normal t o   t h e  
wing surface, and  extended  from t h e ' m o t   t o  the t i p  of each wing. The 
included  angle  between  adjacent  plates w a s  l5O and the  distance between 
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the 50-percent-chord.Xiati-ons. of-adjacent  plates was a$pcx$ma*ly 
0.40 .inch. Figure 3 i l l u s t r a t e8 -  the vortex-generator-installation. : : 4 

The wings an& horizontal-tail  sur-faces of the model were equipped.. 
with a t o t a l  of five NACA miniatiire  electrical  pressure  gages of the 
type  described-  in reference 3. Figure. - 1  i l l u s t r a t e s   t he   l oca t ions  of-" 
the  gages. The gage.9 were instslled .in. such a manner .as t o  Indica te  
the  different ia l   pressure :between the upper and lower surfaces of the . 

wing o r   t a i l - i n  which they were mounted. As ins ta l led ,  the gages - 

responded. t o  pressure changes agd with  suitable auxiliary equipment, 
indicate the var ia t ion  of pressure  with time. The incidence angle of 
the wing is 2.2O at the spanwise s t a t ion  at which. the  outboard-pressure 
gage Was instal led. .  .In_ @3itiop..t-o-.the  ..gages in s t a l l ed  on the model, a 
gage w a s  instal lea   in- .   the   tunnel  w a l l  so that flu.ctuating  pressures  on. 
the model .could' be coliip-ed with fluctuatfn&  .pre.ssures measured at the- - 

tunnel w a l l .  The gage inr j ta l led. in   the tunnel . a 1  was referenced t o  
a relatively  steady  pressure  through a loa .length of tubing which 
fi l tered out any pressure  f luctuations  present-  in the refe'kence pkessurK; 
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Measurements  and  Re-duction of Data .. . -. - 

Pressure  fluctuations.-  Ele&rical '  signals proport ional   to   the - . ' 
pressure  pulsations experienced by each gage were amplified and simul- . .  

taneously  photographed on-a recording  oscillograph.  Typical  oscillxgraph 
records are showh in figure 4. The- f luctuating  pressures measured at-the 
wing and ta i l  gages of the -del aqd a t  the t-1 wall have  been  con- 
ver ted   to  nondimensional coeffikient form by dividing by free.-etream 
dynamic pressure. The coeff ic ients  a-e designated a s  pE. The values -_ ---  

,of fluctuating  pressure  used  throughout  this.  paper are the maximum peak- 
to-peak  values  obtained at each test point as i l l u s t r a t e d  i n  figure 4. 
Pulsa t ions   o f   l a rge   wl i tude  which occurred on ly  occasionally w e r e  " -  

ignored. . A n  -exmination.of  the  oscillograph  records  obtained  during the 
tests did not  indicate that the aatural  frequency of the model on i ts  
cantilever. $upport was a.pred0minan-t  frequency of the  pressure  pulsations. " 
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Frequency analyses. - arrangement ' w a s  incorporated.  into the 
recording s y s t e m  .so that the output of any gage could be switched from 
the  recording  oscil lograph  to a frequency  analyzer. The analyzer and 
a?nplifier system as used for   these  tests had a lower  frkquency l imi t -o f  
10 cycles per second ' e d  upper  frequency limit of 1000 cycles per second. 
The equipment.was u-sually pperated over t w p  frequency  ranges:  from 10 
t o  150 cycles per second and from-100 t o  1000 cycles per second. The 
same constant  width band-pass f i l ter  was used- for bdth  frequency  ranges. 
The analyzer was ca l ibra ted   to  i n d i c a t e  root-mean-square values o f t h e  
pressure  fluctuations. The value  indicated  by. the analyzer at- any 
particular  frequency. is the--  average  root-mean-square  pressure  fluctuation 

" . .  

- i .  
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occurring at that frequency  over a period of time .(estimated f r o m  con- 
s idera t ions   o f . the- ' fF l te r  b&d width and sweeping h ~ s )  of  about '1 second , 

range. 

- 
- .for  the  low-frequency-  range-and-  about O-. l -  second for the  high-frequency 

. "  " - 
Range of. Tests 

The  Mach number range over .whi.ch f luctuat ing  pressures  were measured . 

extended  from O.-7O to -1.00 afd the. model angle  of  Sttack was varied from 
about -bo t o  appw-kte ly  l5O. As the test Mach mm*r i s  increased, 
the maximum angle- o f  a t tack  a t  which tests C&ZI be niade is  decreased 
because  of load l imi ta t ions   on . the  model support s y s t e m .  The Repolds  ' . .  
number fo r  these tests v e i e d - f r o m  4.1 x 10 t o  4.7 X 10 as fndicated 
i n  reference 2. ' 

. -  

" .. 

6 6 
-- . 

Accuracy of' Measurements 

L 

Mach number md  angle  of  .attack. - The .Mach nm-b-ers measured in the 
Langley 16-foot transonic.  tunneL are believed  accurate t o  ~ f O  .OO5. The 

Pies-sure-fluctuation  .coeffictents.-  range of 1Lnear response 
of the pressure gage-s &ius.ed  in  the  present  . investigation  -extends  to 
approximately 2UOO .cjrcles per second. me ran& of. linear  response of 
the  galvanometer  elements  of the oscillograph  used for the present tests, 
however, extends  only  to  abOut,500  cycles 'per secom. As pressqre  pulsa- 
t ions  were noted which aontain frequencies up t o  at le&% 1000 cycles 
per second,  the-amplitudes  indicated by .the  oscillograph for such  pres- 
sure pulsations are toa  low. The e r ro r s  due t o   n o d i n e a r i t y  of  the 
galvanometer &meats, reading of the  records, and cal ibrat ions are such 
that  the  pressure-fluctuation  coefricients  preseqted in t h i s  paper a r e .  
believe-d t o  -be- approximate1y.10 . t o  20. percent too &IT. .. 

Frequency analyses.- %e frequency-scale on thj f igures   p reFnted  
i n   t h i s  paper are bdleved  accurate  t,o within *2 o r  3 cycles  per second 
on the  low-frequency-range. a@ +X, o r  30 cycles  per second on the high- 
frequency  range. -Although t.he  gmplitude  response o'f the frequency 
analyzer system as used . in  the present  investigation is  flat up t o  
1000 cycles per second, the  indicated amplit'udes-  belfeved t o  be too 
large  because, of the response of the constantlwidth  band-pass filter used - 
i n  the equipment t o  signals containi-ng random frequkncies. The parameter 
being.-investigated  with..t.he-  frequency  analyzer  was'predomfnant  frequency 
rather  .than  specific  amplitudes at a given  frequency. Thus no correc- 
tions have been applied'to  amplitudes of the pressure  f luctuations  indi-  
cated by the  frequency  analyzer. . f i  order  to*det'eFmine if .data could be - 
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repeated w i t h  the frequency  analyzer; two frequepcy  analyses of the 
pressure  fluctuations. at the l e f t  ta i l  gage -re made.vithin a period 
of about 3 minutes  during which time the test conditions .-irere held as 
cloge ta   constant  as possible. These analyses are presented i n  f i g - .  
ure 5.  The ordinates on the  frequency-analysls figures me rootmean- 
square-values af the  pressure  f luctuations i n  pounds per  square foot .  
Each small division on the ordinate.  scale  represents 1 decibel. The 
largest   d i f ferences in the frequency  analyses shown i n  f igure 5 occur 
between 15.and 20 cycles  per second. Above x) cycles  per second, the---  
differential   pressure-fluctuat-ion  levels '  f o r  the 2 records are approxi: 
mately  constant and equal  although some differences--occur  in  the  .loca- 
t i ons  of -the small peaks. 

RESULTS AND DISCUSSION 

Fluctuating  pressures have been  measured on a 6 -  scale model of the 1 -. . 
. ." 

X - 1  aPrplane  with a. lQ-percent-thick. wing .in the   -Legley  L6-fbot- transonic 
tunnel. In addi t ion  to  measurements for  the  basic-  configuration, tests 
were made ~ t h  the  horizontal  ta i l  removed and f o r  one voptex-generator 
ins ta l la t ion .  A s  the tests progressed, it was found that, i n  general, 
the three wing ga-ge-s-ielded approxim&tely  the same information  while 
t he   r e su l t s  from the two t a i l  gages #ere also. similar t o  each  other. - 

" 

". 

. , . I / I^ 

.. . . 

. .. 
. .I 1 -  

Data are therefore  presented o&y f.or the  outboard 
lef't wing and the press- gage on the le f t  tail. 

Pressure  Fluctuations 
I 

Although the gages were , i n s t a l l ed  in the wing 
to   ind ica te  the difference i n  pressure betKen the 

pressure gage on the * 
. ". 

. .  
x 

and t a i l  of the model 
upper  .and lower su r -  

faces, it is  believed that the  pressure  -fluctuations presented i n  t h i s  
paper for   posi t ive  angles  of attack  are  primarily  pressure  f luctuatipns . .  

on the upper  surfaces of the wing and tai l  (see ref. 4) .  

" 

- -. 
%sic and t a i l -of f   cos igura t ions .  - Plots  of pressure-fluctuation 

coefficient pF 'as a function of model . .  angle of. a t tack  at various Mach 
numbers are presented  in  f igure 6. Because of t<e wing incidence angle, 
the  angle o h t t a c k  of the wing spanwise s ta t io?  a t  which the  outermost 
pressure  gages are .located .is 2 ; 2 O  greater than the model angle of attack. 

. " - " .- 
" . 

Conslderable  scatter i n  the pressure-fluctuation  coefficients i s  
noted  for some test conditions. It- is believed that the sca t t e r  is 
caused by the  unstable  nature of the f l o w  arid is not inherent i n  the 
recording method o r  equi-pment. 
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Sn figure 6 ( a )  the  data ob tabed  a t  the left-wing-outboard gage 
f o r  the basic-and  tail-off  configurations are plot€ed  together as it 
.was believed that the.  influence of the ta i l  on the  flow over the wing 
was s l igh t .  A t  a Mach number,of 0.70 the pressure-fluctuation.coef- 
f i c i e n t s  are relat ively  constant  a t  a value  of  about 0.4 up to an  angle 
of a t tack  of about -6O. A t  an angle of a t tack  of 7 O  the d i f f e ren t i a l  
pressure  f luctuat ions-on  the  wag have increased  abruptly. At a~ angle 
of  at tack slightly above 8' a peak value of differintial-pressure- 
f luctuat ion  coeff ic ient  of 0.54 occurs in t he . f a i r ed  curve, and fur ther  . 
increases in angle of a t t ack   r e su l t   i n  a decrease in the d'ifferentfal- 
pressure-fluctuation  coefficients  unti l  a value of about 0.17 i s  obtained 
at the m e x i m u m  angle of attack  of  'about 15'. 

An examination  of  the  chordwise  static-pressure  distributions 
obtained at a spanese . s t a t ion  near the  0-utboard g&ge location on the  
l e f t  wing hidicated  that  at a Mach number of 0.70 a6 the angle  of  attack 
is increased above 8O, there  i s  a definite  forward movement of the shock 
location and separation  point at that spanese  stat . ion on the upper 
surface of the wing. The decreaSe in differential-pressure-fluctuation 
coefficient which occurs as the angle of a t tack  is increased above about 
8O at  a Mach number of 0.70 is probably  associated-with  this  forward 
movement of the shock  and separation  point on the  upper  surface of the  
wing. 

A t  Mach numbers of 0.80 and 0.85, compressibility effects become 
apparent  and-the rise in  f luctuatfng  differential   pressure  which'occurs 
as the angle of  a t tack  is- increased s " L s  at a laxer value of angle  of 
attack  than at a Mach number of 0.70 &d is more gradual. 

A t  a Mach number of 0.9, considerable  difference is  noted between 
the  differential-pressure-fluctuation  coefficients  obtained  for the 
basic and ta i l -off   configurat ions  par t icular ly  a t  angles of a t tack  of  
about -2O and Oo. An examination  of th;e static-pressure  distributions 
measured f o r   t h e  two configurations a t  a Mach number of 0.90 indicates 
that, f o r  the ta i l -off  condition, the shock on the w i n g  has moved forward 
from the posit ion it assumed f o r   t h e  basic canfiguration.  For  the  basic 
configuration, the shock is  Fn the vic ln i ty  of the  pressure gage loca- 
t i on  as evidenced.by  the static-pressure diagrams. l% the shock moves 
across the e l e c t r i d  pressure gage, the  differential   pressure  indicated 
by the gage  changes abruptly. A t  M = 0.90 f o r  a = -2.l3O ( see f i g  . 7) 
and for  a = 0.170 the  records from the oscillograph  indicate that the 
shock w a s  moving across  the electrical pressure  gage.  For these condi- - 

t ions,  two values of pressure-fluctuation  coefficient are shown In f i g -  
ure 6(a ) .  The flagged symbols represent the value"of  pressure-fluctuation 
coefficie'nt  obtained if tkile pressure  variation due t o   t h e  shock moving 
across the pressure gage is ignored  (see f i g .  7).  The faired curve a t . a  
Mach nmber of 0 ..90 -in figure 6(a) has been drawn considering  the  flagged 

r 
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points. F r o m  a study of the s t a t i c  .pressure dis t r ibu t ions  and the 
information  presented i n  reference. .k-t@  pPessure  f luctuation caused * 

by shock osc i l l a t ion  would be expected t o  move foryard on t h e   a i r f o i l .  
as the Mach  number is decriziased. 

A t  Mach numbers-of 0.93 and-1.00  fhe shock is  behind  the  pressure- 
gage locat-ion and the  pressure  f luctuations remain practically  constant 
at a r e l a t ive ly  I d w  value a t  all ang1e.s of attack  investigated.. 

P lo ts   s imi la r   to   those  in  f igure   6 (a)  for- the  outboard  pressure 
gage on the left  wing are  presented in  figure.6(b) f o r  the l e f t - t a i l  
gage  and the tunnel-wall gage. A t  a Mach  number of?O.TO the  pressure-. , 

fluctuat-fon  coefficients a t  the   l e f t - ta i l . .gage  are essent ia l ly   constant  
at a r e l a t ive ly  l o w  v u u e  o.Ver -a mgle-of&ttack range from -40 to 3 O .  
A t  an angle o f  at tack of 7" the pressure  fluctuatione at the left-tail ' .  
gage  have increased  abruptly as they did a t  the lef-ing  gage. A s  the. 
angle of a t tack  is increased from 70 t o  about loo the  pressure  fluctua- 
t i ons  do not change abruptly  but a gradual  increase in the pressure 
fluctuations  begins  at  go, .and a value of PF of 1.35 is. noted at about 
13' angle o f a t t a c k .  A t  angles ~ o ~ t a c k o f  about  14%and 150 the - ,  

pre.ssF+fluctuation  coefficient.g were larger   than '  1.35, but  because-. of 
improper ad jus tmen to f the .  equipment at - these.   angles   ofat tack the 
extremely  large and rapid  f luctuations I n  pressure  did  not  leave a 
readable  trace an the  photographic  record. 

It is believed that the sharp r i s e  which occurs  in pF at the 
left-tail  gage at. -e. angle of a t tack  of 7" is. not due t o  abrupt changes 
in  the aerodynam5c charac te r i s t ics  of, the tail, bu t to   t he   i n f luence  of 
the wing which.exhib$ts a sharp rise i n  pF at  the  pressure-gage  loca- 
t i on  at an angle of a t tack of To .  The. t a i l  se-ction is  2 percent. 
than  the wing section and is  operating at. the model &ngle. of a t tack  which 
is  2.2O less than the angle of a t tack  of the  d .ng spanwise s ta t ion  at 
which the outermost  pressure  gages e. locatea.  . 

A t  angles   of .a t tack below 7 O  at  a Mach number of 0.70, the  pressure 
f luctuat ions a t  the ta i l  pressure gage are cansiderably  larger  than  those 
measured a t  the wing pressure gage probably  because  the tail gage,  being 
located near  the t a i l  leading  edge, is more sensi t ive than the wing gage 
to angular variat ions i n  the flow. . .  

A s  the Mach number i S  increasedrto 0.80, 0.85, md 0.9 the  increase 
which. occurs i n  -th*pressure-fluctuation coeff ic ient  .at t h e   l e f t - t a i l  
gage as  the  angle of .a t tack is i nceased  becomes  more and more gradual, 
and as w a s  found with  the wing pressure gage, does  not-occur at all at. .. 

Mach numbers of  0.93 and 1.00 f o r  the angle-of-attack  range  investigated. 
This   resul t  is i n  .agreement with  the resillts- presented In reference 4 
f o r  two-dimensional a i r f o i l   t e s t s .  

. . I. 

. . " 

. " I 
c 
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If the  present tests could have  been extended t o  higher angles of . = 

a t t ack  that were a t ta ined  at Mach.numbers of 0.95 a d  1.00, the pressure 
f luctuat ions a t  the  pressure-gage  locations on the wing  and t a i l  probably ' 

would have increased a t  these  higher angles o f , a t t ack  from the  values 
shorn in figure 6 .  Note i n  f igure   6 fb)  that although  the  dffferential  
pressure fluctuati.ons measured a t  the lef t  tail o f - t h e  model increase 
by a f ac to r  of approximately 10 as the model i s  varied  through the angle- 
of-attack  range at a Mach number of 0.70, the  preslnxre f luctuat ions 
measured a t  the  tunnel w a l l  indicate  only a s l ight   gradual  rise as the  
asgle of a t t a c k - i s  increased. At higher Mach numb& than 0.70 the  
pressure   f luc tua t ions   a t - the   tunnel  wall remain e s e n t i a l l y   c o n s t a n t  
at r e l a t ive ly  l o w  values its the  ang le  of a t tack  of t h e  model i s  varied. 
Thus it may be assumed that the marked changes in pressure-fluctuation 
coeff ic ient  on the model are aerodynamic e f f e c t s   f o r  t h i s  par t i cu la r  
model. Measurements made in the  center of the  stream of the test section . 
with a,n e lec t r ica l   p ressure  gage igs ta l led- to   ind ica te   the   d i f fe rence  
in pressure between  di.ametrica3ly  opposite  points on the  surfaces of a 
3 O  cone indicated  pressure  fluctuations  approximately one f i f t h  of those 
measured a t  the  tunnel w a l l ;  

. -  

In some instance-the  pressure  f luctuations measured at the  outboard 
pressure gage in t h e   l e f t  wing are lower than the  pressure  f luctuations 
measured at the  tunnel wall, prdbably  because  the  pressure  gages were 
i n s t a l l ed  in '*he wing and t a i l  of  the model t o  measizre the  difference in 
pressure between the upper and lower surfaces.. Pressure f luc tua t ions  
which are in phase  with each other on the  upper and- lower  surfaces would , 

thus  tend to  cancel. This cancel l ing  effect  would not be obtained  with 
the gage in the t w e l  wall. 

A s  previously  mentioned,  the  increase which occurs  in the pressure- 
f luctuat ion  coeff lc lents  at the wing and ta i l -gage  locat ions as the - 
angle of a t tack  is increased is more gradual a t  a Mach number of 0.80 
than a t  a Mach numbzr of 0.70. Thfs finding i s  i n  agreeniint with 
unpublished  data which indicates  that f o r   t h e  X-1 airplane  the  onset 
of buffeting in the shock region is gradual compared t o   t h a t  of the  
stall region..  Buffeting i s  considered to change from the   s t a l l   r eg ion  
t o   t h e  shock  region at that point where the  buffet  boundary  curve no 
longer  coincides  with.the maxiunmlift curve.  This paint occurs a t  a 
Mach  number of approximatexy 0.72 f o r  the  X-1 a i r p b e .  Thus, at a Mach 
number of 0.7 the  onset 02 buffeting of the airplane is  abrupt. For the 
- - scale model, the increase fn pressure-fluctuation  coefficient i s  d m  1 
4 
abrupt. A t  a Mach number of  0.8, the  onset of buffeting of the   a i rplane 
is more gradual  than a t  a Mach number of 0.7 and t&. increase in 
different ia l -pressure-f luctuat ion  coeff ic ient   far   the  model i s  more 
gradual than a t  a Mach number o f . O . 7 .  

. .   . .  
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I n  figure 8 the  pressure.-fluctuation-coefficient  intensities are .. 

presented  in.  such a manner. that they can be.  compared- with the f l ight-  
determined  buffet"boundaqf of the  X - 1  airplane-. The l i f t - coe f f i c i en t  - 

data  required t o  prepare  figure 8 are.. presented  in f igue 9.  The f l i g h t -  
determined buffet  boundarJi represents a var ia t ion @. airplane-normal- 
force  caeff.icient .of::.O.Ol. . Pressu*--fluctuation-coeff i c i en t   i n t ens i t i e s  
of 0.05, -0.10, and 0.20 ake shown f o r -  the  left-wing gage-in f igure 8(a), 
and 0.15, 0.20, and 0.25 f o r  the lef t - ta i l  gage i n  f igure   8 (b) .  The 
data  shown i n  figure. 8(a) a t  a Mach  number of 0.90 was- based on the .   fa i red  
curve  ofkfigure.  6(a) ... a t  a.Mach number. 0f -0 .W.~  .and the..pressu&e .fluctua- 
t i ons  caused by the  shock moving across  the  pressure gage  have, not  bee.n 
included. . . .  . . .  

Although the   cmre la t ion  between the  flight-determined  buffet 
boundary and a differential-pressure-fluctuation-coeffLcient i n t ens i ty  
of 0.10 Yor the  left-wing-outboard gage is  r e l a t ive ly  good over a small.. 
Mach number range-, ncl value of dif ferential-pres-sure-fluctuation cpef - . 

f i c i e n t  exists e i t h e r   f o r   t h e  .wing o r  t a i l  gage which could be used, a8 
a buf fe t   c r i te r ion  t o  es tab l i sh  a buffet.boundary which would completely 
agree  with  the  flight-determined  buffet bowciary. The probable  reason. . 
f o r   t h i s  is the   lack of .a"suitable number of--pressure  gages. A pres- 
sure .  gage f ixed a t  one Xocation on the .wing o r  - ta i l  surface i s  influen-ced 
by loca l  aerodyhamic"effects which may only  slightly  influence  the 
buffet ing-ofthe  a i rplane.   For  example, the  results-shown i n  reference 4 
for   r igid  a i r foi ls   in .a . two-dimensional  stream indicate that whe~ the .:. 
amplitude  of  the  p&ssurelfluctuations .at. some p o i n m  the airfbil is . 

relatively  large  the"mp1itude  .of  the  pre-ssure  fluctuations  varies con: 
siderably- ove-r the chord of the a i r f o i l .  . -I . .. 

"7 
" 

. " 

Vortex generatars.-  1n.f.igure 10 t,he  data  obtained  with  the  vortex " 

generator5  installed on t h e  wiqge are- compared with  the  curves which 
were faired'through  the  data  obtained  for.  the  basic and tail-off config- 
urations.  A t - a  Mach  number of 0.90, the shack wave on the- wing is located 
i n  the   v ic in i ty  of the  pressure gage and, as - fo r  -the basi,c configuration 
a t  a Mach number of D .%, two values  of Fp are noted f o r  the poFnts at 

.. . 
. .. . -.-";. " 
" - 

" 

" 

negatfve angles of attack. Generally, the  data  obtained  with  the vortex 
generators , ins ta l led  are i n  approximate.  agreement  yLth tbe.data  obtained 
f o r  the basic  configuration. I n  some instances, however, ( l e f t - t a i l  gage 
at M = 0.80 and M = 0.90)  the-  data  obtained from the  pressure  gages 
w i t h  the  vortex  generators  installed  indicate.that the buffeting  chgrac- 
t e r i s t i c s  would  be expected to..Qe b fe r io r   t o - . t hose  of the basic   con- .  
f igurat ion if %he data obLained at the gage Location of the lef t - ta i l  ,.. 

is  typ ica l  of conditdone e x i s t b g  elsewhere on the  tai l .  - 1  It should be:_. 
remembered t h a t  in  the present  investigation  only one vortex-generator 
configuration which niay not ,  have  been an opthnqn configuration was . 

considered. 
..e - 
" 
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Typical  records from the  frequency  analyzer are shown f o r  the basic 
configuration i n  figures 1l t o  13. Two frequency  ranges were investigated: 
from 10 t o  150 cycles- per sec-ond'and  from 100 t o  loo0 cycles  per second. 

In figure  =.the  frequency analyses are shorn  for  the  left-wing- 
outboard gage a t  a Mach number of 0.70. A t  an angle of attack of 4. go 
the  only  disturbances which appear  from 10 t o  1000..cycles per second 
occur.below 20 cycles  per second, z3?id are  small. A t  an angle of a t t ack  
of 7 O  f o r  which the s h a r p  increase in pressure  fluctuation  occurs 
( f i g .  6(a)) ,  pressure  f luctuations are noted  over  the--entire  frequency 
spectrum f o r  which data were obtained and no particular  frequency  could 
be considered  to  predominate. 

In f igure  12 the  frequency  analyses are presented for t h e   l e f t - t a i l  
gage a t  a Mach  number of 0.70. A t  an angle of a t t ack  of &.go ( f ig .   12 (a ) ) ,  
predominant  frequencies are noted at about 10 cycles per second, and 
between 40 a d  50 cycles per second. From approximately 70 t o  1000 cycles 
per second, no pressure  disturbances are noted above 2 pounds per square 
foot .  A t  an  angle of at tack of 7.0' (fig..U(b)),-however,  frequency 
character is t ics   sfmilar  to those  obtained  for  the wing gage at a corre- 
sponding  angle  of  attack are noted.. Pressure f.luc&ations  occur at a l l  
frequencies  from 10 t o  1000 cycles  per -second,- indicat ing that the flow 
f luctuat ions are random i n  frequency.  Additional  records from the fre- 
quency analyzer have been included as figure 13 t a   _ i n d i c a t e  that the 
random-type flow  fluctuations a lso  exist f o r  low& values of d i f f e ren t i a l -  
pressure-fluctuation  coefficie-nt  than  the  values  for which it w a s  shown 
to  occur  Fn the  previous figures . A t  a %.ch number- of 0.8 and an angle 
of a t t ack  of -2.0° ( f i g .  l3 (a) ) ,  the  pr inciple   pressure  f luctuat ions 
occur  in two frequency bands:  from about 40  to   10Q.cycles  per second 
and from approximately 125 to 150 cycles per second. Above about 
150 cycles  per second, no pressure  pulsations above 0.7 pound per  square 
foot were noted. When the angle of a t t ack  i s  increased t o  2.80 at a 
Mach number of 0 . 8 ' ( f i g .  13(b)), it is  again  noted that prac t i ca l ly  d l  
frequencies from 10 t o  1000 cycles per second are represented. 

The random-type f low experienced  over  the w i n g  and ta i l  of the  model 
indicates that the aircraf t   designer  has l i t t l e  chance of  designing com- 
ponent pa r t s  of an aircrdt with %turd  frequencies  completely above o r  
below those likely t o  be encountered i n , f l i g h t .  

CONCLUSIONS 

From a study of the  pressure  f luctuations measured near the t r a i l i n g  
edge  of the wing and the  leadi-ng edge of the  t a i l  of a - - s c a l e  model of 1 

4 I 



the X-1. a i r p l a k  with a lO-Percent--thick wing in the  Langley  16-faat 
transonic tunnel, the following  .conclusions  my. be' made: 

1. The maxfmum values'of  pressure'fluctuation measui.ed a t  the w i n g  
and - t a i l  .pressure:gage locatSurm were about 0.6 and 1.6 times sti-kam 
dynamic pressure;.'yespect:ively. These values  represent  increases of : 
more than tenfold i n  the  pressure  fluctuations as the angle of a t t ack .  
was increased at a cons tmt  Mach  number: . .  

2. In  the pregent  investigation, n6 value. .of differential-presr+ueL 
fluctuatian  coefficient  could he used as .a. buf fe t   c r i te r ion ,  .eit.her for 
the t a i l  gage or tBe ' w Trig- %a&! ,'"whi chLw6uid r e s u l t .  i n  a -buf fe-bhundary 
curve ' in complete  agreement w i t h  .the flight-determined  buffet-bouidary 
curve. " . .  

. .. 
I ,- .." ,I - . I '  . .  . .  - 

3 .  The v o r t e x   m e r a t o r 6  dsed:on-'the.."S-of ..this' model had no 
beneficial   effect- in   reducing  the -amplitude 'of the  different ia l   pressure 
fluctuations a t  the locatirjn of ..the. pressur&'.pickups on the. wing o r  tail. 

. ." . . .  

. .  . - 

4. Frequency 'analyses "of the.  -differenti&  .pressure-fluct;atidne ab 
the moiiel Yor--conditF;ons where &&nu& pressure fluctuatfons w e r e  found 
t o  be larg:bdicate.  that 'usually  the  diffe-rential pressure' fluctuations 
are rmdom in  frequehcy with pulsations n@te&aG all frequencies from. . 
10 t o  1000 cydles~pem"'sec~"nd,  which &e .the frequency liinita af the .. 
recordfng Equipmebt ,:-. ' -. - 

. .  . .  - . I. 

-- . . .  . .  
." . . .. 

" 

Langley Aeronauticalihboratory, 
4 

National Advisory'Committee f o r  Aeronautics, 
Langley  Field, Va. 
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(b) !Three-quarter r e a r  view. 

Figure 2.- Concluded. 
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Figure 3.- Vortex generators installed on the model wings. 
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Frequency,  cycles per second 

Figup .5 . -  Comparison of  frequency analyses obtained.for identical test 
conditions. Left-tail gage. pi = 0.74, a = .7.0°. 
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b Basic conf.igurotion. - . 
(Shack effect neglecte-d) 
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Model angle o f  ottock, a ,  degrees ;w:. -- 

(a)  Left-wing-outboard goge Basic Ond tail-off. FnfigUmtiOn. 

Figure. 6. - Variation of pressure-fluctuation coefficient with model. angle 
of attack at constant- Mach numbers. . .  
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Figure 6.- Concluded. 
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Figure 7.- Portion of oscillograph  record  indicating shock movement i n  the 
vicinity Of the  outboard gage on the left wi l lg .  Mach  number, 0.90; 
model angle o f  attack, - 2 . p ~ ~ .  
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1.0 I 
X - l  buffet  boundary 

Mach number, M - 
(a) Left - wing -outboard gage. (b) Le f t - ta l l  gage.  

Figure 8. - Comparison of pressure-fluctuation-coefficient  intensities 
measured on the 1- scale model o f  the X - 1  airplane with the  flight- 

determined buffet boundary of  the X - 1  airplane. 
4 
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o Vortex generafors on : 
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D Vortex generotm on 
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Figure 10.- FXPfect of vortex generators on the pressure-fluctuation 
coefflcients. 
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(b) Left-tail gage.  
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(a) Model angle of attack, a . 4 . 9 O  

Frequency, cycles per second 

(b) Model anala of at tack,  a - 7.09 
Figure 11.- Frequency analyses of the preesure fluctuations  at the left- 

wing-outboard gage  at Mach  number of 0.70. Basic configuration. 
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(o).Model angle of otfock, a ~4.99 
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' . Figure 12.- Frequency aaa;lysee of the pressure fluctuatlo&'at  the left- & 

tail gage. at M%h nunber of 0.70.. Fasic configuration. W 
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Frequency, cycles per second 

(b) Mqdel ongle of attack, a-2.E:  
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Figure 13.- Frequency analyses of the pTessure fluctuations  at the left- 
wing-outboard gage at Mach numbex of 0.80. Baeic configuration. h3 \d 


